During surveillance of the swine population in Israel a haemagglutinating agent was isolated and identified as a paramyxovirus (PMV). Serological studies based on haemagglutination and neuraminidase inhibition (HI and NI) tests displayed a close antigenic relationship between the isolate and the prototype strain of a variety of the avian PMV serotype 3 (PMV-3). However, comprehensive HI and NI cross-reaction tests between the isolate and PMV-3 reference strains, on the one hand, and the other eight avian PMV serotypes, on the other hand, showed that the viruses compared differed in terms of their antigenic interrelationships with the other avian PMVs and also in the quantitative values of the cross-reactivity. This is interpreted to mean that the swine isolate and the avian PMV-3 prototype strain are different viruses, although very closely related, but are not different isolations of the same virus from avian and mammalian hosts.
INTRODUCTION
According to the current classification (Kingsbury et al., 1978; Matthews, 1982) , the genus Paramyxovirus (PMV) belonging to the family Paramyxoviridae consists of three main groups : (i) mammalian PMVs including parainfluenza viruses (five serotypes), (ii) mumps virus and (iii) avian PMVs. The first group includes viruses isolated from man (Chanock et al., 1958) , cattle (Reisinger et al., 1959; Abinanti & Huebner, 1959; Abinanti et al., 1960 Abinanti et al., , 1961 Bakos & Dinter, 1960; Gale & King, 1961 ; Inaba et al., 1963) , sheep (Hore et al., 1968) , horses (Dichtfield et al., 1965) and swine [SSE strain of HVJ or Sendai virus which was originally isolated from a pig by Sasahara et al. (1954) ]. Mumps virus is associated only with humans. The avian PMV group, apart from Newcastle disease virus (NDV) belonging to serotype 1 (PMV-1) and Yucaipa virus isolated in 1956 (Bankowski et al., 1960) and belonging to serotype 2 (PMV-2), has included until now a number of PMV strains isolated from both poultry and feral birds (for reviews, see Alexander, 1980 Alexander, , 1982 Duluc & Fleury, 1983) . According to a nomenclature suggested by Tumova et al. (1979b) , these viruses are distributed into nine serotypes (Alexander, 1982; Alexander et al., 1983) .
Apart from their antigenicity, the above three PMV groups are clearly different in their host range: viruses in groups (i) and (ii) are associated only with species belonging to the class Mammalia and group (iii) viruses are associated only with species belonging to the class Aves. There is only one exception to this: a virus antigenically similar to the parainfluenza 2 virus has been isolated from chick embryonated eggs (Wagner & Enders-Rfickle, 1966) . However, certain antigenic cross-reactions between PMVs of avian and mammalian origin have been described (Chanock & Coats, 1964; Tumova & Easterday, 1969; Brostrom et al., 1971 ; Starke et al., 1977; Nishikawa et aL, 1977; Tumova et al., 1979a) .
The present paper describes an isolation of a PMV strain from pigs which is antigenically closely related to avian PMV serotype 3 (PMV-3). From samples taken from 34 apparently healthy pigs brought into the Nazareth slaughter house in October 1981, a haemagglutinating agent was isolated from a nasal swab. This agent could be propagated in embryonated eggs after filtration through a bacterial filter, proving its viral nature.
Antigenic identification
First, the isolate was found to possess NA activity which identified it as a myxovirus. Because no myxovirus other than swine influenza viruses and HVJ (SSE) (Sasahara et al., 1954) had to our knowledge been isolated from pigs, it was assumed that this NA-positive haemagglutinating agent was a strain of influenza virus. Consequently, a comprehensive HI test using the whole set of monospecific antisera against all the known influenza virus HA antigenic subtypes was carried out. As a negative control in this test a hyperimmune antiserum against NDV was used.
The results showed no inhibition with any anti-influenza virus serum but, quite unexpectedly, the virus was inhibited by the anti-NDV serum (not shown). The HI test was repeated using two batches of anti-NDV serum and NDV/LaSota as a positive control. Inhibition of the swine isolate by anti-NDV serum was confirmed but a significant difference between the homologous (anti-NDV serum against NDV) and heterologous (anti-NDV serum against the isolate) HI titres was found (Table 1) . It was concluded, therefore, that the isolate was not identical to NDV, but had significant cross-reaction with it in the HI test.
On the basis of these data, the isolate was assumed to belong to a paramyxovirus group that has certain antigenic relationships to NDV; such relationships between NDV as a representative of avian PMV-1 and some other avian PMV serotypes have been found (Smit & Rondhuis, 1976; Alexander et al., 1983; Kessler et al., 1979; Lipkind et al., 1982a, b; Lipkind & Shihmanter, 1986) . Therefore, the HI test was carried out using a set of prototype strains of several other avian PMVs and the corresponding antisera including rabbit antiserum prepared against the isolate.
The results (Table 2) showed that as well as the cross-reactivity between the isolate and NDV there was a marked cross-reactivity between the isolate and both representatives of the avian PMV-3 serotype, Ty/Wisc and Pk/Neth. The HI titres of the Pk/Neth strain were indistinguishable from those of the isolate. There was also some antigenic relationship between the isolate and the D3/HK (PMV-4) and Dove/Tn (PMV-7) viruses.
Thus, according to the HI test, the isolate from swine was very closely related (if not identical) to the avian PMV-3 serotype reference strain Pk/Neth.
Further investigation of the swine isolate was performed by means of the NI test using the five prototype viruses with which any inhibition had been found in the HI test (Table 2) . The results confirmed a very close relationship between the isolate and Pk/Neth (Table 3) , and also shared some cross-reactivity between the isolate and some other PMVs.
On the basis of both the HI and NI tests and in accordance with the accepted nomenclature 
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* NI titre expressed as the reciprocal of the highest dilution causing 50 % inhibition of the NA activity of the virus dose. Homologous reactions are shown in bold type. (Tumova et al., 1979b; Alexander, 1982) , the isolate was designated PMV-3/swine/Israel, Nazareth/28n/81 (Sw/Naz).
Because the assignment of a mammalian isolate to a group of avian PMVs was unique, a series of both HI and NI tests was carried out, in order to obtain statistically reliable mean data. The aim of these tests was to reveal any possible antigenic differences between the Sw/Naz isolate and the closely related Pk/Neth virus. If these differences were significant Sw/Naz could be considered a novel mammalian PMV belonging to the avian PMV-3 serotype; if no differences were found it would suggest that Sw/Naz and Pk/Neth are identical, representing two isolations of the same virus from different hosts. Our previous studies on the antigenic relationships among avian PMV serotypes (Lipkind & Shihmanter, 1986) have shown that there are pairs of PMV strains which do not differ from each other in HI and NI cross-reaction tests and, hence, could be considered to be the same strain. However, they may differ (i) qualitatively in the spectrum of their cross-reactivity and/or (ii) quantitatively in their patterns of cross-reactivity, with other avian PMVs. The data of several tests were expressed as d values and statistically treated (see Methods). The results presented in Tables 4 and 5 show whether the two strains differed in parameters (i) and (ii) mentioned above.
In the HI test (Table 4 ) there seemed to be full identity between the Sw/Naz and Pk/Neth strains (dl = 0.09 + 0.14; d 2 = -0.21 _+ 0.13), whereas in the NI test (Table 5) there was a degree of asymmetry in the cross-reactivity, i.e. there was no difference between the homologous and heterologous inhibition titres when anti-Pk/Neth antiserum was used (d = 0.04 _+ 0.10) and there was a low but statistically significant difference between them (d = 0.84 _+ 0.28) when anti-Sw/Naz antiserum was used. However, although showing close relatedness with each other, * Upper figure d is a mean value (with standard error) of log, of the ratio between homologous and heterologous HI titres when a given antiserum was the same for the two compared viruses, n is a number of experiments for each pair of compared viruses. P is Student's coefficient of probability for the found difference d for a given number of experiments n: it is expressed as a percentage of probability of the 'zero hypothesis" i.e. the probability that the difference d itself differs significantly from zero. The reliability of the d values (their difference from zero) was accepted as significant if it was in agreement with Fisher's second criterion of probability, namely, 95% probability (P = 0.95). When there was no crossreactivity between viruses the d value is expressed as infinity (oo). Table 4. the two strains differed by the two above-mentioned parameters. The cross-reactivity in some cases was asymmetric, in the sense that antiserum against one of the compared viruses inhibited the other virus while antiserum against the second virus either did not inhibit the first one at all (one-sided asymmetry) or the inhibition titre was significantly lower (two-sided asymmetry). By the above two parameters certain clear differences between Sw/Naz and Pk/Neth were found. From the results of the HI tests, there was no difference between Sw/Naz and Pk/Neth viruses by parameter (i) while there were differences by parameter (ii) ( Table 4 ). The latter differences were found in cross-reactivity with the following six viruses: Ty/Wisc, low/high two-sided asymmetric with Sw/Naz and high and symmetric with Pk/Neth; D3/HK, low and one-sided asymmetric with Sw/Naz and low and symmetric with Pk/Neth; Dove/Tn, low/moderate twosided asymmetric with Sw/Naz and moderate and symmetric with Pk/Neth; Goose/Del, low and symmetric with Sw/Naz and moderate/low two-sided asymmetric with Pk/Neth; Duck/NY, moderate and symmetric with Sw/Naz and moderate two-sided asymmetric with Pk/Neth; Pigeon/Ot, low/moderate two-sided asymmetric with Sw/Naz and moderate and symmetric with Pk/Neth.
The NI test revealed more distinct differences, compared to the HI test, between Sw/Naz and Pk/Neth viruses which differed also in the spectrum of their cross-reactivity with the avian PMV prototype strains (Table 5) . In this test, the Sw/Naz isolate had no interrelationship with the D3/HK or Goose/Del viruses while Pk/Neth had a low relationship with both the D3/HK (one-sided asymmetric) and the Goose/Del (symmetric) strains. Quantitative differences were also found between Sw/Naz and Pk/Neth in their cross-reactivities with the following five viruses (Table 5) : NDV, moderate and one-sided asymmetric with Sw/Naz and high/low twosided asymmetric with Pk/Neth; Ty/Wisc, low/high two-sided asymmetric with Sw/Naz and high and two-sided asymmetric with Pk/Neth; Dove/Tn, low and one-sided asymmetric with Sw/Naz and low and two-sided asymmetric with Pk/Neth ; Duck/NY, low/moderate two-sided asymmetric with Sw/Naz and moderate and symmetric with Pk/Netb; Pigeon/Ot, high and onesided asymmetric with Sw/Naz and low/moderate two-sided asymmetric with Pk/Neth.
Serological studies
An attempt to measure antibody levels against Sw/Naz virus in serum samples taken from the animals from which the Sw/Naz virus had been isolated was unsuccessful.
Electron microscopical observations
Sw/Naz appeared to have a morphology characteristic of paramyxoviruses. The virions were pleomorphic in size and shape, their diameter ranging from 200 to 380 nm; filamentous forms were also seen. The inner helical structure was about 18 nm in diameter. Morphological comparison of the Sw/Naz and Pk/Neth viruses did not reveal any significant difference.
DISCUSSION
The HA agent isolated from swine was identified as a paramyxovirus closely related to the avian PMV-3 serotype. To our knowledge, this is the first isolation from mammals of a paramyxovirus which is antigenically related to an avian PMV. The antigenic identity of this virus was determined by both HI and NI tests on which PMV classification is based (Tumova et al., 1979b; Alexander, 1982; Alexander et al., 1983) .
That no similar isolations have been made before, and leaving aside the general problem of the nature of host susceptibility to viruses, raises the question of virus interspecies transfer, which has been extensively discussed in the case of the influenza viruses. Transfer of influenza viruses is believed to occur among a large variety of avian species as well as between swine and humans (Easterday, 1975; Laver & Webster, 1979) , but in the majority of cases the evidence for interspecies transfer is circumstantial, being based on isolations of similar viruses from different hosts.
As in the case of PMVs, the idea that interspecies transfer occurs is based on similarly circumstantial evidence. However, this evidence does suggest transfer both within the class Ayes, of avian PMVs, and within the class Mammalia, of mammalian PMVs. The first example of this is NDV (PMV-1) which has been isolated from more than 50 avian species including poultry, feral birds and exotic pets (Lancaster & Alexander, 1975) . The second example is Yucaipa-like viruses (PMV-2) which have been isolated more recently from domestic, feral and exotic birds (Alexander, 1980 (Alexander, , 1982 Duluc & Fleury, 1983; Lipkind et aL, 1982a, b) . In the avian PMV-3 serotype to which the Sw/Naz has been shown to be related, the representative viruses are clearly divided into those of turkey origin represented by the prototype Ty/Wisc strain (McFerran et al., 1974; Alexander & Chettle, 1978 ; Tumova et al., 1979 a; Bahl & Vickers, 1982; MacPherson et al., 1983 ; Alexander et al., 1983; Alexander & Collins, 1984) , and those of psittacine origin represented by the prototype strain Pk/Neth (Smit & Rondhuis, 1976; Hirai et al., 1979; Ashton & Alexander, 1980; Alexander & Collins, 1984) . There have been no reports on the occurrence of Ty/Wisc-like viruses in psittacine reservoirs or Pk/Neth-like viruses in turkey reservoirs. These results showing the involvement of many avian species in carrying the same viruses support the suggestion that interspecies transfer of PMV-3 is possible within the class Aves. As to interspecies transfer of mammalian PMVs, there are some isolated reports, showing that simian virus 5 (Von Euler et al., 1963 and bovine parainfluenza virus 3 (Ben-Ishai et al., 1980) can cause human infections.
The present report concerns the possibility of avian-mammalian interspecies transfer of a PMV based on evidence that two antigenically closely related viruses, Sw/Naz and Pk/Neth, have been isolated from different hosts. There have been some results demonstrating antigenic relationships between avian and mammalian PMVs. A PMV strain (Murayama) isolated from monkeys had some antigenic relation to the PMV-2 serotype (Yucaipa and Bangor strains) showing one-sided asymmetric cross-reactivity by HI and neutralization tests (Nishikawa et al., 1977) . A low cross-reactivity between mammalian and avian PMVs has been described for mumps and parainfluenza viruses with NDV by HI tests (Chanock & Coats, 1964; Tumova & Easterday, 1969; Tumowl et al., 1979 a) , for Sendai virus with NDV by NI tests (Brostrom et al., 1971) , for bovine parainfluenza virus with Yucaipa-like viruses by HI tests (Starke et al., 1977) , and for a PMV isolated from chick embryonated eggs with parainfluenza 2 viruses (Wagner & Enders-Rfickle, 1966) . Circumstantial evidence for interspecies virus transfer is provided by the finding that guinea-pigs are susceptible to avian PMV-2 (Yucaipa) virus and by the presence of antibodies to Yucaipa virus in human sera in Senegal (Fleury et al., 1984) .
Since the possibility that PMVs can be transferred between mammalian and avian reservoirs may be of high epizootiological and epidemiological significance, an aim in the present research was to elucidate whether Sw/Naz and Pk/Neth are truly identical, i.e. two isolations of the same virus, or are different viruses although very closely related. Given that our studies were performed at the antigen level using only one of the viral proteins (HN), any result showing 'identity' between the two viruses (the absence of any differences detectable at this level) can not be considered to be an absolute indication of real identity, which can only be demonstrated at the genome level. However, any significant difference even at the antigen level could be sufficient demonstration that the viruses are different.
It has been demonstrated (Lipkind & Shihmanter, 1986 ) that a pair of viruses may be very close by mutual cross-reactivity but may differ considerably from other PMV serotypes in the spectrum of cross-reactivity and/or in the quantitative pattern of the cross-reactivity. In order to reveal and visualize such differences, we have used a graphical method ( Fig. 1 and 2) . Fig. 1 shows that, although Sw/Naz and Pk/Neth were indistinguishable according to the HI test, and had very close relatedness according to the NI test, they had different relationships with Ty/Wisc, another member of the PMV-3 serotype. Namely, in both these tests, the Sw/Naz virus had low/high two-sided asymmetric cross-reactivity with Ty/Wisc, while Pk/Neth had a high cross-reactivity with this virus which was symmetric by HI and two-sided asymmetric by NI.
In Fig. 2 In cases of one-sided asymmetric cross-reactivity the arrow is directed from the virus whose antiserum inhibits the other virus and towards the virus whose antiserum does not. In cases of two-sided asymmetric cross-reactivity the filled arrowhead is directed from the virus whose antiserum shows a lesser d.
D3/HK or Goose/Del, unlike Pk/Neth. The interrelationships of Sw/Naz, Pk/Neth and Ty/Wisc with the rest of PMVs were different quantitatively and/or in terms of asymmetry. As well as these differences among themselves, there were evident degrees of antigenic relatedness between any one of Sw/Naz, Pk/Neth and Ty/Wisc with the other PMV representatives (Tables  4 and 5 , Fig. 2) . Thus, the above results have shown that, although there is no significant difference between Sw/Naz and Pk/Neth according to their mutual cross-reactivity in either HI or NI tests, they have a quite different pattern of cross-reactivity with the other PMV strains. This is in accordance with previous results concerning the pattern of cross-reactivities among all the other avian PMVs (Lipkind & Shihmanter, 1986) . This pattern has been investigated in combinatorial mathematical model of antigenic kinship (Rishe & Lipkind, 1986) which suggests different arrangements (in the 'identical' strains) of antigenic determinants belonging to topologically distinct NA and HA domains of the bifunctional HN entity. This leads to the conclusion that, although Sw/Naz and Pk/Neth are very close antigenically, they are not identical and hence Sw/Naz is a novel PMV strain of mammalian origin which by its antigenicity belongs to the avian PMV-3 serotype.
The discrepancy between the cross-reactivities shown by HI and NI tests resembles previously described results (Lipkind & Shihmanter, 1986) which, too, were necessarily affected by the association of the HA and NA activities within the same HN glycoprotein entity (Scheid et al., 1972; Scheid & Choppin, 1973; Tozawa et al., 1973; Shimizu et al., 1974) . An important question is whether the two functionally active sites are present in topologically distinct regions of the HN molecule. The problem is further complicated by a possibility that the functionally active sites may be topologically distinct from the corresponding antigenic determinants. The lack of an inhibitory effect of antibodies on a functional activity might reflect a spatial separation of functional and antigenic sites, while a positive inhibitory effect might be due either to direct binding of antibody molecules to functionally active sites, or to steric (or allosteric) effects caused by the binding. Uncoupling of the HA and NA activities (Smith & Hightower, 1980 Portner, 1981) by genetic methods has shown a distinct topological distribution of the HA and NA antigenic sites. However, the immunological approach using monoclonal antibodies gave contradictory results. On one hand, it was shown that, although anti-HN monoclonal antibodies are directed against topologically distinct regions of the HN molecule none of them inhibited exclusively either the HA or NA activity of the HN of parainfluenza type 1 virus (Yewdell & Gerhard, 1982) or NDV (Hoshi et al., 1983 ; Russell et al., 1983) . On the other hand, some monoclonal antibodies against Sendai virus HN were active in the HI test with some of the antigenic variants but inactive in the NI test and vice versa (Portner, 1981 ; 0rvell & Grandien, 1982) . Similar results were obtained with NDV: inhibition of the HA and NA activities could be achieved separately when neuramin-lactose was used as a substrate (Nishikawa et al., 1983; Iorio & Bratt, 1984) . Our experiments present a novel approach to this problem. The essence of it is that polyclonal rather than monoclonal antibodies should be used because, by definition, polyclonal antibodies must recognize all the crossreacting antigenic determinants related to both HA and NA. Therefore, a discrepancy between the HI and NI values for cross-reactivity may be explained only by assuming that all the HA and NA antigenic determinants are spatially separated. Such conclusions cannot be drawn from similar experiments using monoclonal antibodies. Thus, the results obtained here (Tables 4 and  5 , Fig. 2 ) together with those previously described (Lipkind & Shihmanter, 1986) confirm the hypothesis that there is a separate topological distribution of the HA and NA antigenic sites on the HN three-dimensional structure.
The origin of the Sw/Naz virus is an intriguing question. Avian PMV-3 has not yet been isolated from birds in Israel, although wide surveillance of domestic and feral birds is currently being carried out, and has resulted in more than 150 isolations including influenza viruses , PMV-1 and PMV-2 (Lipkind et al., 1982a, b) . Therefore, it appears that PMV-3 is absent from the local avian reservoir. On the other hand, for specific reasons (religious, traditional), pigs are not raised extensively in Israel. The existence of
